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Simulation	model	
Complete	ORC	system	
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o  The	complete	ORC	model	is	built	by	assembling	components	models	
o  Amesim	model	in	steady-sate	regime	is	compared	to	a	previously	developed	
steady-state	model	(built	in	Matlab)	=>	good	agreement	
Control	strategy	
Gain-scheduled	PID	
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o  In	order	to	conduct	dynamic	simulation,	
control	(even	simple)	must	be	
implemented	
o  Pump	speed	controls	the	superheat	
o  Expander	speed	controls	the	high	
pressure	
o  The	system	to	control	is	non-linear	
o  Multi-linear	model	approach	is	
considered	=	combination	of	linear	
models	to	approach	the	real	system	
o  17	operating	points	are	considered	
⇒  17	FOPTD	transfer	functions	
⇒  17	sets	of	PID	parameters	interpolated	as	
function	of	the	heat	source	power	(“gain-
scheduling”)	
	
	
Heat	source	power:	
Example	for	the	pump	
Control	strategy	
Operating	points	used	for	the	gain-scheduled	PID	
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Simulation	results	
Driving	cycle	
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o  Driving	cycle	split	into	7	phases	
(to	represent	all	conditions	met	
by	a	long-haul	truck)	
o  Each	phase	is	an	independent	
driving	cycle	
o  Each	phase	has	a	weight	
according	to	its	contribution	to	
real	life	of	the	truck	
Simulation	results	
Performances	of	the	controllers	
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o  Superheat	set	point:	20K	(pump	control)	
o  Optimal	evaporating	pressure	set	point	identified	based	on	a	steady-state	model	
and	interpolated	as	function	of	heat	source	power	(expander	control)	
Simulation	results	
Gas	outlettemperartures	and	additional	cooling	load	
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o  Additional	cooling	load	approx.	ranges	between	20	and	40	kW	(EGR	does	not	
yield	additional	cooling	load)	
o  Recirculated	exhaust	gas	outlet	temperature	must	be	between	100-120°C	(NOX	
emission	reduction)	
o  Tailpipe	gas	outlet	temperature	>100°C	(condensation)	
(screw	expander	+	
ethanol)	
Simulation	results	
Gas	outlettemperartures	and	additional	cooling	load	
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o  Time	evolution	of	the	pump	and	expander	shaft	power	and	isentropic	efficiencies	
(screw	expander	+	
ethanol)	
Simulation	results	
Average	values	of	the	composite	driving	cycle	
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o  Working	fluid:	ethanol	
o  Parallel	architecture	yields	largest	fuel	savings,	but	also	largest	additional	cooling	
load	
o  Fuel	saving	in	the	range	of	2.3	to	3.2%	
Additional	cooling	load	 Fuel	saving	
Energy	performance	indicators	
Simulation	results	
Average	values	of	the	composite	driving	cycle	
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o  Assumptions:	150,000	km/y;	35	l/100	km;	1.1	EUR/l;	truck	owner	cost	=1.5	TIC	
o  ORC	weight:	loss	of	trailer	load	(not	taken	into	account)			
o  Payback	time	range	from	2	years	(parallel)	to	2.5-2.6	years	(EGR	first)	
Annual	money	savings	 Fuel	saving	
Economic	indicators	
Conclusions	and	future	work	
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o  Dynamic	simulations	of	driving	cycles	give	more	accurate	results	regarding	energy	
and	economical	performance	
o  	An	ORC	dynamic	model	is	built	in	Amesim	platform	(Siemens)	
o  Components	and	system	models	are	validated	by	means	of	steady	state	and/or	
dynamic	experimental	data.	
o  Dynamic	simulation	requires	controllers.	2	gain-scheduled	PID	controllers	are	
implemented	(control	of	the	superheat	and	evaporating	pressure)	
o  Performance	is	evaluated	on	a	composite	driving	cycle	
o  Fuel	consumption	reduction	from	2.3%	(EGR	first)	to	3.2%	(parallel)	
o  Payback	time	from	2	years	(parallel)	to	2.5-2.6	years	(EGR	first)	
o  Cooling	load	limitation	and	additional	fan	consumption	must	be	taken	into	account	
o  Impact	of	ORC	on	engine	warm-up	phase	could	be	taken	into	account	
	
Thank	you	for	your	attention!	
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